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doi:10.1016/j.ejvs.2008.11.002Abstract Objectives: The aim of this study was to compare all in-hospital mortality for
ruptured abdominal aortic aneurysms (rAAAs) before and after the establishment of an emer-
gency EVAR (eEVAR) service.
Design and methods: An eEVAR service was established in January 2006, since when all patients
presenting with rAAAs have been considered for endovascular repair. Data for all rAAAs present-
ing between January 2006 and December 2007 was prospectively collected (Group 1). This
patient groupwas compared to those presentingwith rAAA between January 2003 and December
2005 when eEVAR was not offered at our institution (Group 2). These records had also been
collected prospectively and submitted to the National Vascular Database (NVD).
Results: A total of 50 rAAAs (17 eEVAR, 29 open repairs, 4 palliated) presented after the introduc-
tion of eEVAR (Group 1) and 71 in the historical Group 2 of which 54 underwent open repair and 17
were palliated. The total in-hospital mortality was significantly lower in Group 1 20% (eEVAR
(nZ 1), 6%: Open (nZ 5), 17%: palliated (nZ 4), 100%) when compared to Group 2 54% (Open
(nZ 21), 39%: palliated (nZ 17), 100%) (pZ 0.000001). Furthermore similar significant differ-
ences were seen in 30-day operative mortalities between the two groups 13% in Group 1 versus
39% in Group 2 (pZ 0.0003). In addition the proportion of patients whowere palliated has signifi-
cantly decreased (8% Group 1 versus 24% Group 2, pZ 0.01).
Conclusions: The establishment of an eEVAR service has significantly reduced in-hospital
mortality for patients presenting with ruptured abdominal aortic aneurysms.
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Ruptured abdominal aortic aneurysms (AAAs) are associated
with high postoperative morbidity and mortality. In
a recent meta-analysis, Bown et al.1 demonstrated that
although there has been a slight reduction in mortality over
the past 50 years, the mortality for patients who reachSociety for Vascular Surgery.
190 U. Sadat et al.hospital alive remains as high as 48%; with multiorgan
failure being the predominant cause.2
The reduced mortality and morbidity associated with
elective EVAR should in theory translate to similar benefits
in patients who present with ruptured AAA, however, level
1 evidence is lacking. This may be explained by the logis-
tical problems associated with randomised controlled trials
(RCT) in an emergency setting.3 The results of the only
ongoing RCT, the Amsterdam acute aneurysm trial4 are still
awaited. A number of case series5e20 have shown potential
improved outcomes following EVAR for ruptured AAA.
A recent meta-analysis also confirms the possible benefits
of EVAR in acute cases.21
Direct comparison between patients who undergo open
and endovascular repair is difficult as eEVAR patients may
have more favourable anatomy and haemodynamic
stability. In the absence of randomised data, changes in
overall in-hospital rAAA mortality can be used as a measure
of eEVAR efficacy. When calculating in-hospital mortality
for rAAA it is important that all patients presenting to
hospital are included within the analysis, not just those who
underwent surgery or endovascular intervention but also
those offered no intervention. A recent study has suggested
that 33% of men and 60% of women in the UK were offered
no intervention for ruptured AAA.22
We therefore hypothesised that the overall hospital
mortality for rAAA would fall following the introduction of
eEVAR. The aim of the study was to compare overall in-
hospital mortality and morbidity between two cohorts of
patients who presented to one institution with rAAA before
and after the establishment of an eEVAR service.Methods
All patients presenting to our unit with rAAA have been
considered for eEVAR since January 2006. Suitability for
EVAR was based on pre-operative CT scanning which was
performed in all patients considered stable and where
logistically possible. An experienced vascular surgeon and
a vascular interventional radiologist determined anatom-
ical suitability based on normal elective practice. Unstable
patients were considered for open repair only. ‘‘Haemo-
dynamic stability was defined as someone who was main-
taining a systolic of above 60 mmHg and was conscious’’.
All patients who presented with rAAAs between January
2006 and December 2007 were included in this study (Group
1). The relevant data was prospectively collected and all
entered into the National Vascular Database (NVD). The
hospital records for those patients who were palliated
following rAAA during this period were also reviewed. This
cohort of patients was compared with a historical cohort
who presented with rAAA between January 2003 and
December 2005. This data had been collected prospectively
and entered into the NVD for all operated patients. Data on
rAAA patients offered no intervention were also retrieved.
For the purpose of this study rupture was defined as
retroperitoneal or intraperitoneal haematoma confirmed
on either pre-operative CT scan for those patients treated
endovascularly or at laparotomy for those treated by open
repair. No patients who presented with acute non-ruptured
AAAs were included in this study.Overall in-hospital rAAA mortality was compared
between the two groups. Morbidity, intensive care and
hospital stays were compared between the groups.
Endovascular technique
Emergencyendovascular repairwas performedusing standard
techniques with the Zenith Device (William Cook, Europe).
Both aorto-uni-iliac with femoro-femoral bypass and bifur-
cated devices were deployed under local anaesthetic
where possible after administration of intravenous heparin
(70 iu/kg). Occlusion balloons were not used in any patient.
Statistical methods
StatsDirect software (version 2.6.2) was use for statistical
analysis. For continuous variables ManneWhitney tests
were used and for categorical variables Chi-squared test was
used. The level of statistical significance was set at 0.05.
Results
Since January 2006, 50 rAAAs were referred to the vascular
unit (Group 1). Seventeen patients underwent emergency
EVAR (eEVAR), 29 open repair (15 anatomically unsuitable
for EVAR, 14 no CT imaging performed due to patient
instability or logistical difficulties) and only 4 (8%) patients
were palliated. The patients who were palliated were
anatomically unsuitable for endovascular aneurysm repair
and unfit for open repair due to co-morbidities. During the 3
preceding years 71 patients presented with rAAA (Group 2).
Fifty-four underwent open repair and 17 were palliated
(24%).
There were no significant differences in patient age
(76.2 years Group 1 versus 73 years Group 2, pZ 0.07),
aneurysm size (7.9 cm Group 1 versus 7.4 cm Group 2) and
co-morbidity between the two groups (Table 1).
The total in-hospital mortality was significantly lower in
Group 1 20% (eEVAR (nZ 1), 6%: Open (nZ 5), 17%: palliated
(nZ 4), 100%)when compared toGroup254% (Open (nZ 21),
39%: palliated (nZ 17), 100%) (pZ 0.00001, Chi-squared).
Furthermore similar significant differences were seen in 30-
day operative mortalities between the two groups 13%
in Group 1 versus 39% in Group 2 (pZ 0.0003, Chi-squared).
The number of patients who were palliated since the
introduction of eEVAR has significantly fallen when
compared to Group 2. (8% (nZ 4/50) versus 24% (nZ 17/
71), pZ 0.01, Chi-squared).
There was no difference in hospital stays between the
two time periods (14 days versus 15 days) but blood loss fell
after the establishment of eEVAR in the entire operative
cohort (2282 mls Group 1 versus 3348 mls Group 2,
pZ 0.02, ManneWhitney).Discussion
Direct comparisons of patients undergoing open and endo-
vascular repair of ruptured AAAs have often been criticised
because the endovascular patients may have more favour-
able anatomy and may be more haemodynamically stable
Table 1 ManneWhitney test and Chi-squared test
Group 1 Group 2 p-Value
Post-eEVAR policy Historical controls
DM operated 2 (4.3%) 8 (14.8%) 0.05*
IHD operated 15 (32.6%) 21 (38.8%) 0.38*
Mean age (yrs) 76.2 (8.5) 73 (8) 0.07
Mean aneurysm size (cms) 7.9 (2.2) 7.4 (1.6) 0.22
Median hospital stay (IQR) Days 14 (9e8) 15 (9e28) 0.46
Mean blood loss (mls) 2282 (1396) 3348 (2954) 0.02
Mean operative time (min) 208 (59.7) 210 (65.5) 0.87
Operative 30 day mortality 13% (nZ 6) 39% (nZ 21) 0.0003*
Total in-hospital mortality (operativeþ palliative) 20% (nZ 10) 54% (nZ 38) 0.000001*
*Chi-squared test.
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published data is also made difficult because some series
include non-ruptured symptomatic aneurysms.
Despite this since the first report endovascular repair of
a rAAA repair by Yusuf et al.23 there have been a number of
publications reporting mortalities after eEVAR of approxi-
mately 10% which compares very favourably with the 48%
after open repair.1 In this study we have shown a significant
reduction in total in-hospital mortality for rAAAs after we
established an eEVAR service.
When broken down further the reduction in total in
hospital mortality relates not only to low eEVAR mortality,
but also due to a reduction in the mortality from open
repair and a reduction in the numbers of patients offered
not intervention. The reduction in open mortality may be
possibly be explained by the fact that some patients who
would not have survived open surgery underwent successful
eEVAR. Another very interesting observation was that since
the establishment of endovascular repair, the number of
palliated patients had decreased. This may suggests that
patients who may have been denied surgery in the past
were considered for endovascular repair. This can have
important implications as recently Filipovic et al.22 have
shown that in a nationwide study that the palliation rate is
often quite high (33.6% in men and 60.4% in women). This is
also in accordance with other publications, which suggest
a palliation rate of 30% in a small British study,24 and 42%,
51% and 63% in the studies from Canada,25 the USA26 and
Australia27 respectively.
The majority of the patients undergoing eEVAR in this
series had aorto-uni-iliac grafts deployed with femefem
crossover (nZ 10). Only 7 bifurcated grafts were used. The
advantages of aorto-uni-iliac devices appear to be well
suited to the management of ruptured aneurysms. They can
be quickly deployed under a variety of anatomic circum-
stances, thus reducing the shelf inventory of endografts.
After establishment of eEVAR we aimed to perform pre-
operative CT on all patients presenting with rAAA. However
we did not achieve this, only imaging 30 (68%), reasons for
not undergoing CT included patients transferred from other
hospitals who had already had CT performed, logistical
problems in obtaining timely imaging and patient insta-
bility. All patients who had eEVAR had pre-operative CT
imaging done (nZ 17). Of the 29 patients undergoing open
repair, 15 underwent CT scanning pre-operatively. All thepatients who underwent CT imaging and underwent open
repair were unsuitable for endovascular stenting. Lloyd
et al.,28 Walker et al.,29 Arya et al.30 and Boyle et al.31 have
shown that most of the patients who had ruptured aneu-
rysm were stable enough to undergo CT scan and assess-
ment for endovascular repair. In Lloyd’s group, which
included all those patients who did not undergo surgery
because of advanced age and or co-morbidities the median
interval between admission and death was 10 h 45 min
(range 1 h 1 mine143 h 55 min). The median total time to
death from onset of symptoms was 16 h 38 min (range 2 h 6
mine146 h 50 min). More than 87% patients were in the
group who died after 2 h. Boyle et al. reported very similar
figures with the median time from admission to death in
those patients palliated of 435 min (range 15 mine6 days)
furthermore the median time from admission to conven-
tional surgery of 159 min (range 16e1450 min) suggested
that time for imaging was available in most patients. This
data would indicate that all but the most unstable patients
should be able to undergo a CT scan before operation.
Although Digital subtraction angiography (DSA) has been
advocated by some when considering eEVAR, Montefiore12
and Malmo,32 it has not gained widespread popularity.
We aimed to perform eEVAR under local anaesthetic
where possible. The potential advantages of local anaes-
thesia include decreased cardiopulmonary morbidity rates
and the advantage of maintaining the tamponade produced
by the abdominal muscles.9,10,33 Verhoeven et al.34 and
Hinchliffe et al.3 have suggested that conversion to general
anaesthesia during deployment can solve the problem of
restlessness associated with local anaesthesia and ischae-
mic leg pain during femoro-femoral crossover grafting.
The data presented in this study supports that of the
Belfast group30 whose view is that eEVAR for rAAA leads to
an overall reduction in rAAA mortality. We have also
demonstrated that eEVAR can significantly reduce pallia-
tion rates for rAAAs. We believe that it is important to
include palliation rates in any study that quotes rAAA
mortality as it allows the reader to interpret the results
taking patient selection into account. Reductions in total
in-hospital mortality and palliation rates are both potential
surrogate measures of success after an eEVAR service is
established. This underlines the importance of including
data for all patients presenting with rupture not just those
who undergo surgery.
192 U. Sadat et al.We recognise some weaknesses in this study in
particular the comparison between two cohorts from
different time periods and recognise other factors such
as changes in personal and improvements in perioper-
ative care may have influenced the results although we
were not aware of any such changes. A blinded review of
pre-operative imaging of the historical group to identify
those who were suitable anatomically for eEVAR would
allow a comparison of outcomes between this group
and the current eEVAR group; however the numbers
of historical patients who underwent CT imaging were
too small for this purpose. A direct comparison in
outcome in patients anatomically suitable for EVAR
treated either by open or eEVAR techniques will hope-
fully be forthcoming from future planned randomised
controlled trials.35
Conclusions
EVAR of ruptured AAA is feasible in selected patients and
its introduction has significantly reduced our total in-
hospital mortality for patients who present with rAAA.
Furthermore low eEVAR mortality, open repair operative
mortality and palliation rates contributed to the fall in
mortality in this study. Further studies are required but
operative mortality figures alone are a poor outcome
measure unless they are presented alongside data on
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